STEM camps (Kenya), where female students carry out experiments and visit companies offering STEM jobs, or "Science, Technology and Mathematics Education (STME) Clinics" (Ghana) which bring together girls in secondary schools with female scientists who could act as role models. Also on education-system level there was action taken: Improvements regarding school safety, education of teachers, smaller mathematics and science classes and better curriculum coverage could be identified (Mullis et al. 2016 ). Finally, at the level of the country or society itself, policies like quotas or financial investments to promote the image of women in STEM jobs are only some examples that have been implemented so far.
Measuring gender equality and equity in education
While the aforementioned studies aim towards showing causes of gender inequity in education, large-scale assessment data cannot provide this type of insight. Rather, figures of equality (i.e., comparing for example the achievement of gender groups) can be used as indicators of gender equity within educational systems, assuming there are no other factors determining differences between the sexes, such as genetic disposition. In other words, gender equity is understood in this context as a synonym for fairness and equal opportunities for female and male students, while gender equality represents an empirically measurable outcome of equity.
But what constitutes equality? As Allison (1978) states, already the choice of the measure to represent equality can make a difference regarding the perception of equality. Especially in cross-country comparisons, the question of what or who to compare to becomes a deciding factor on the resulting perception of the magnitude of inequality or even the lack of equality. In general terms, there are two types of comparisons.
First, comparisons could be based on absolute figures or distributions, setting or according to some standard across all compared entities, for example education systems. These standards could be related to various aspects of equality, like conditions, or outcomes. UNESCO, for example, classifies concepts for measuring equity in education accordingly (cf. 2018, 23ff.) : 'Equality of conditions' would mean that conditions of education are the same for everyone. 'Equality of outcomes' entails minimum educational outcomes (e.g., a certain completed level of schooling) for everyone. When 'education is independent from personal characteristics' , equality is related to the impartial implementation of education. A 'positive relation between education and ability' would be a kind of equality where students with higher ability are provided with higher quality education. This would be the case in countries with a tracked school system. Finally, a 'positive relation between education and being disadvantaged' (e.g., regarding some criteria like income) would provide higher quality, more or special focused education to disadvantaged students. In international large-scale studies in education, outcome measures often translate to certain benchmarks of achievement or proficiency levels (see, for example, Mullis et al. 2016, 61ff; Schulz et al., 2017, 44ff; OECD 2016, 59ff.) . Gender equality is reported in relation to some standard or threshold applied to each country. While giving highly valuable information, this type of comparison has one disadvantage, that is, the overall achievement distributions vary greatly between countries, and there may be very few overlap at the ends of the distributions, leaving few room to compare gender equalities at these ends. For example, if one wishes to compare gender ratios of eights grade students reaching the advanced TIMSS mathematics benchmark in 2015, 1 results are scanty, as more than two-thirds of the countries have less than 10% of their students reaching this benchmark; a significant number of countries even have no students at all in this category. Switching to the next lower benchmark level (the "high benchmark") will not help, as the majority of students in high-ranking countries achieve this category, hence, instead of focusing on the distribution tail, one would again rather focus on major population parts. A different approach would be to compare achievement distributions across countries, using measures of relative equality within countries as comparison criterion. There are several implications of the latter approach: First, there is no need for (agreeing upon) a criterion acceptable and applicable across different education systems and countries. Second, the notion of comparability implies taking into account the country contexts. Looking at relative distributions in specific contexts or situations can provide more detailed insights into variation, especially in cases where international standards do not fit well. Subsequently, such analysis has the potential to reveal tailored options for addressing issues. For example, if gender gaps exist especially at the lower end of the achievement distribution, measures addressing weaknesses of low achieving students (tailored to the affected gender) will be more effective to tackle the issues.
The vast majority of related previous research based on international large-scale assessment data has focused on comparisons of the mean achievement of female and male students, only relatively few studies have addressed gender differences at different levels of achievement. Moreover, according to observations by Halpern et al. (2007) , research focusing on gender differences at the tails of the ability distributions concentrates most on the upper tail (for example, Benbow and Stanley 1983) . Only little research is concerned with the lower tail of the ability distribution. Research on the upper tail of the distribution looked at the absolute distribution of female and male students (for example, Hedges and Nowell 1995; Strand et al. 2006) . Baye and Monseur (2016) looked at differences in the variability of students' achievement using TIMSS, PIRLS and PISA data spanning more than 20 years. They point out that gender differences at the extreme tails of the achievement distribution are often more substantial than average differences. Males were more frequently among the highest performing students in mathematics and science, but male students also varied more than female students in their level of performance. Bergold et al. (2016) also identified a higher variability in the achievement of male students, with male students overrepresented as a group among both highest and lowest performing students. The study looked at 17 countries participating in TIMSS and PIRLS in 2011 with fourth-grade students, and at various achievement domains (reading, mathematics and science) simultaneously. Significant variations between country profiles have been acknowledged, suggesting that a single generic model of explaining gender differences may not be reasonable. Both publications (Baye and Monseur 2016; Bergold et al. 2016 ) include a comprehensive review of the literature related to gender differences in general and theories on the greater variability of males regarding achievement.
Recently, some research used quantile regression analysis (Davino et al. 2014) as another way of differentiating inequalities along ability distributions. For example, Costanzo and Desimoni (2017) found varying gender inequalities for the different quantiles of the mathematics and reading scores distributions, using data from an Italian study of second and fifths grade students.
Objectives and research questions
The research presented in this paper was stimulated by the following considerations: (1) we acknowledge the fact that gender equity remains an important issue on the political agenda of many countries; (2) many countries have introduced measures tackling gender inequity over the past decades; (3) previous findings suggest that average achievement is not the most comprehensive indicator of gender equality, rather, unequal gender ratios can be observed especially at the tails of the achievement distributions. Consequently, we would like to expand current knowledge by adding a perspective on trends over time regarding gender differences at the tails of the ability distributions. Deviating from approaches used in previous research, we will implement a statistical analysis method that accounts for potentially skewed overall gender distributions within education systems. Focusing on relative ability distributions of female and male students rather than on absolute distributions, for example according to internationally defined proficiency levels, we will be able to identify gender inequalities better for countries where students' results do not show (enough) variation across these standardized levels. Further, we can compare countries with regard to gender differences even if the average achievement of students varies a lot between these countries. By analyzing the tails of the relative distribution, we will get information on gender inequalities for the highest and lowest achieving students. We argue that these more fine-grained results-compared to overall achievement averages-could be used to develop measures and policies tailored more specifically to these groups of students. Regarding equal opportunities as an aspect of equity, the lower tail of the achievement distribution might be of special interest, as extremely low performance can seriously affect future options in school and later on in life. Finally, the proposed method is robust to skewed overall distributions of female and male students. This is an important aspect when including countries into the analyses were school enrolment is gender-dependent, or for trend analysis if overall gender ratios change over time.
Using TIMSS data, we sought to evaluate whether differences between girls and boys regarding their mathematics and science achievement at fourth and eighth grade changed over the last 20 years. We considered four central research questions.
(1) Considering mathematics and science achievement of fourth and eighth graders, is there an equal gender distribution at the top and bottom end of the achievement distribution within participating countries? (2) If there is a gender gap, did it change over time? More specifically, did gender gaps change at the fourth grade from 1995 to 2015, and similarly at the eighth grade? (3) Looking at specific student cohorts in the fourth grade and again 4 years later at the eighth grade by following up the cohort, did the achievement gap widen or narrow?
(4) Are these developments internationally generalizable or can different patterns be observed in different countries or groups of countries?
Data and methods
We analyzed data collected from education systems participating in TIMSS 1995, TIMSS 2015, and at least one additional intermediate cycle of TIMSS. Eighteen education systems at Grade 4 and 20 education systems at Grade 8 satisfied the requirements.
To enable a longitudinal analysis of specific cohorts at country level for addressing research question (3), we reduced the scope of our research further. From the countries included above, we chose only those who participated at grade four in 1995 and 2011, and at grade eight in 1999 and 2015. Consequently, we followed up two cohorts in 11 countries: students who attended grade four in 1995 and grade eight in 1999, and a cohort born 16 years later, with students attending grade four in 2011 and grade eight in 2015. It should be noted that only representative samples of the same cohorts were tested, and not the same students at different ages.
We first identified the 20% best and poorest performers in each country and cycle per grade and subject domain, using the overall mathematics and science achievement scores, by performing a percentile analysis. This analysis resulted in two benchmark scores per population, subject domain, country, and cycle, dividing the best and the poorest performing 20% from the remaining populations (see Fig. 1 ). Readers should be reminded that the achievement levels of these groups differ greatly among countries as shown in Fig. 2 , but these differences are not of interest for this paper. Instead, our focus is purely on the gender gap within and across countries, and time.
In a second step, we estimated the differences in percentages of male and female students reaching or failing respective benchmarks resulting from the first step as illustrated in Fig. 3 . Again, separate analyses were run for different grades, subject domains, countries and cycles. The results of these analyses were the relative distributions of female and male students in the groups of "high" and "low" performers. The percentages were computed in a way that allows a direct comparison between the relative distributions even in populations with overall skewed gender distributions (i.e., populations with more female than male students comprising a grade, or vice versa). We accounted for the complex sample and assessment design by using sampling weights for the estimation of population parameters, and applying jackknife repeated replication and plausible values for the estimation of standard errors (Foy 2017) .
Results

General trends in gender gaps
Overall, there are more differences in trends for gender gaps between grades for the same subject than between subjects within grades. Gender gaps for mathematics achievement at grade four and their trends over time are more similar to those for science achievement at the same grade than trends at grade eight. In other words, it seems that, regarding gender differences, grade matters more than subject. 
Trends in gender gaps in mathematics achievement at grade four
Twenty percent highest performing students (above 80th percentile)
Overall, there were relatively more boys than girls among the top 20% of students by achievement (Table 1) . This applies to almost all countries and cycles. In about twothirds of all observed cases, this difference was significant. Kuwait was the only exception to this general finding; in 2007 and 2011, female students were significantly overrepresented in this group. Singapore was the only country to possess remarkable gender balance in all cycles from 1995 to 2015. Finally, only in Japan has inequality reduced, with an initially significant gender gap in favor of boys reducing from 2003 (and becoming insignificant in later cycles).
In 2015, in 12 out of 18 countries there was a significant gender gap favoring boys; the same tendency was observed in the other countries, but the differences were not significant. In seven countries (Australia, Czech Republic, Hong Kong (SAR), Hungary, New Zealand, Slovenia, and the United States), a gender gap in favor of boys widened over the last 20 years, starting from a small and mostly insignificant difference in 1995 and 2003 to a significant gap in 2015, posing questions surrounding potential causes of this apparent increase in inequality.
Twenty percent lowest performing students (below 20th percentile)
Overall, fewer significant gender gaps were observed in this group of low-performers (Table 1) . Moreover, there were no generalizable trend patterns. In The Netherlands, female students were significantly overrepresented in this group compared to their male peers, a gap that has remained fairly constant over the last two decades. In Iran, Kuwait and Singapore, there were significantly more boys represented among these low-performing students in more recent cycles.
A gender gap existing in New Zealand in 1995 (again, with more male students being part of this group) became insignificant in all later cycles.
Trends in gender gaps in mathematics achievement at grade eight
Twenty percent highest performing students (above 80th percentile)
As with grade four, there are relatively higher percentages of boys than girls among the top 20% highest achieving eighth grade students in mathematics (see Table 2 ). Gaps predominantly favor boys, in all significant gaps but one (Thailand). In 1995, there was a significant gender gap in nine countries, whereas, in 2015, this was true for only five countries, showing a reduction somewhat of the gap among the countries considered.
Over the last two decades, relatively constant gender gaps favoring boys can be observed for Italy, Japan, Korea and the United States. In three countries (England, Iran and Israel), gender inequality decreased over the same period. Only in Thailand, there was a tendency to have relatively more girls in this group (gap significant only in 2007).
Twenty percent lowest performing students (below 20th percentile)
Overall, the gender gaps in mathematics achievement of the 20% lowest performing students in grade eight differ by country (see Table 2 ). Gender gaps are often smaller Positive gap values and red bars indicate higher relative percentages of girls in the group. In order to enable readers to correctly interpret Tables 1, 2 , 3, 4, please see the following interpretation example for Table 1 : "In Australia, the proportion of male students in the group of the twenty percent highest achievers in all cycles is higher than the proportion of female students in that group. This disproportional group allocation is significant in 2007, 2011 and 2015. In the group of the twenty percent lowest achievers however, both genders are equally represented in all cycles. " * Significant gap (p < 0.05) Meinck and Brese Large-scale Assess Educ (2019) 7:8 than at the upper end of the achievement distribution of this grade. Further, gaps can be observed in both directions, with a higher relative percentage of boys as well as the opposite, a higher percentage of girls. In 1995, six countries had significant gender differences, with three countries showing relatively more female students in this group, and another three with relatively more boys. Twenty years later, five (but now mostly other) countries still showed significant gender differences, two countries with relatively more girls, and three countries with relatively more boys. No generalizable trend can be observed for this group.
In Hong Kong (SAR), Kuwait, Lithuania, Singapore and Thailand, boys were significantly more likely to be among the low-performing students than girls in more than one cycle. In none of these countries could a tendency towards increased gender equality be observed. While girls were more likely to be in the group of low-performing students in England, Iran, Israel and Korea in the early cycles, this was no longer the case by 1999 or 2003. Russia showed a tendency toward a reversed gender inequality: while boys were overrepresented in this group in earlier cycles of TIMSS, significantly more girls belong to this group in 2015.
Trends in gender gaps in science achievement at grade four
Twenty percent highest performing students (above 80th percentile)
Boys were notably overrepresented in the group of the 20% highest performing students in science achievement at grade four across countries and cycles (see Table 3 ). This finding is consistent with observations related to mathematics. Similarly, Kuwait was again a remarkable exception, with having constantly more female high-achievers (gap significant in 2007 and 2011).
In 1995, 14 countries had significant gender gaps, all in favor of boys. In 2015, this number reduced to nine countries, indicating some reduction of the gap.
Twenty percent lowest performing students (below 20th percentile)
There were no clear group patterns for the bottom 20% of students in science achievement at grade four (see Table 3 ). Gender differences were smaller than for the highachiever group for many countries and while some countries had more boys than girls, others had more girls than boys.
In 1995, eight countries showed significant differences in the relative percentages of male and female students in this group, six with relatively more girls, and two with more boys. In 2015, only three countries out of these eight still showed significant differences, one with a higher percentage of low-performing girls, and two again with relatively more lowperforming boys. Kuwait again proved an exception, with remarkably large gender gaps (up to 18% more boys in the group). Differences in all other countries were not significant.
Trends in gender gaps in science achievement at grade eight
Twenty percent highest performing students (above 80th percentile)
Very similar to the findings relating to grade four, the patterns were striking: There were more boys than girls among the 20% highest performing students in science at grade 
Republic of Korea
Positive gap values and red bars indicate higher relative percentages of girls in the group * Significant gap (p < 0.05) eight in most countries and cycles (see Table 4 ). In 19 out of the 20 countries investigated, significant gender gaps for this group were evident in two or more cycles.
In 1995, 17 countries showed a significant gender gap, all in favor of boys. In 2015, only nine countries had a significant gap, with only one country (Kuwait) having more girls than boys in this group. A tendency towards a reduction of the gender gap can be observed in many countries. In England¸ Iran, Israel, Lithuania, Slovenia and Sweden, the gender differences were significant in earlier TIMSS cycles but, by 2015, they were no longer significant. This suggests these countries improved gender equality among their top-performing eighth grade students in science during the last decade.
Twenty percent lowest performing students (below 20th percentile)
Overall, gender inequalities are less pronounced among the 20% lowest performing students compared to the 20% best performing students (see Table 4 ). The differences, however, mostly favor boys, meaning here that there is, in many cases, a higher percentage of female students in this group compared to the percentage of male students.
In 1995, 14 countries had significant gender gaps, 13 countries with a relatively higher percentage of girls, and one country (Kuwait) with a relatively higher percentage of boys. In 2015, only four countries had significant gaps, one with a higher percentage of girls, and three with a higher percentage of boys. This trend shows that the gap favoring boys (a lower percentage of boys in the low-performing group) is closing and even beginning to reverse.
Canada, England, Hong Kong (SAR), Japan, Korea, New Zealand, Russia, Slovenia, Sweden and United States have managed to close a previously existing significant gender gap over the last 20 years. Israel has reversed its gender gap: while relatively more girls belonged to the low-performing group in 1995, boys were overrepresented in 2015. A similar (but insignificant) tendency can also be observed in other countries.
A remarkably large gender gap within the group of low-performing students can be observed in Kuwait: three out of four students are male; 30% of all male students in the country are among the 20% of eighth grade students performing lowest in science, while this is the case for only 9% of all female eighth graders. This difference seems to be stable over the last 20 years.
Trends in gender gaps in mathematics achievement across countries
When looking at the trends in gender differences in mathematics achievement across countries, we can observe differences (i) between the two tails of the mathematics achievement distribution and (ii) between grades four and eight. As Fig. 4 shows, in the majority of countries (12 out of 18) there are gender differences at grade four, either persisting or developed newly since 1995, within the group of 20% highest achieving students in mathematics. In six countries, there is no gap: either there has been none in 1995 already, or a gap existing in 1995 closed in 2015. On the contrary, there is no gender gap (any longer) in 2015 in the majority of countries (15 out of 18) for fourth graders at the lower end of the achievement distribution (20% lowest achieving students in mathematics). A similar pattern exists for students at eighth grade. For students at both tails of the mathematics achievement distribution, there are significant gender differences in the majority of countries (15 out of 20). Figure 5 shows the change in gender differences in science achievement for the 20% highest and lowest achieving students at fourth and eighth grade in a similar way. While there are some similarities in the overall picture to the findings regarding mathematics achievement, we see also different results. Again, for fourth grade students, differences are found in more countries at the upper tail of the achievement distribution than at the lower end. In half of the countries (9 out of 18), there are persisting or newly developed gender differences for the 20% highest achieving students. For the 20% lowest achieving students, however, gaps have closed or never existed in the majority of countries (15 out of 18). We find rather similar patterns for eighth grade students. Almost half of the countries show gender differences for the 20% highest achieving students (9 out of 20), with mostly persisting gaps, whereas for the 20% lowest achieving students there are no differences in the majority of countries (15 out of 20).
Trends in gender gaps in science achievement across countries
Comparing trends in gender gaps in mathematics and science achievement across countries
Overall, we observe fewer countries with significant gender gaps at the lower tail of the achievement distribution. This holds for both subjects, mathematics and science, as well as for both grade 4 and grade 8. In the upper tail of the achievement distribution, i.e. the 20% highest achieving students, there are more countries with existing gender differences. Here, we find more countries with gender differences for the lower grade students (grade 4) than for the upper grade students (grade 8). However, as the selection of countries included in this analysis is different for grade 4 and grade 8, a direct comparison between results from the two grades is not appropriate.
Trends in gender gaps in mathematics achievement within cohorts
We also examined the gender gaps in mathematics achievement and their trends following up two cohorts from grade four to eight (Table 5) . While most of the figures and bars displayed in Tables 5 and 6 resemble information  from Tables 1, 2 , 3, 4 in a different format, the columns "Gap difference between grade 4 and 8" show the development of gender gaps over 4 years of schooling within the same cohort of students. The first cohort represents students attending grade four in 1995 and grade eight in 1999. The second cohort represents students attending grade four in 2011 and grade eight in 2015.
Twenty percent highest performing students (above 80th percentile)
The first cohort (students attending grade four in 1995) exhibited a significant gender gap favoring boys in England, Iran, Japan and Korea (Table 5 , left upper part). For the first three of these countries, the gap persisted or even widened by grade eight. In Korea, however, the gap decreased over those 4 years and was no longer significant at the eighth grade. Conversely, a gender gap opened up between grades four and eight in the United States. The gap changes were not significant in any country.
In two countries (Hong Kong (SAR) and Korea), the second cohort (fourth graders in 2011) contained significantly more male students among the top-performers at both grades. Australia, Hungary, Slovenia and the United States managed to close an existing gender gap in favor of boys at the fourth grade over the ensuing 4 years: the gaps were no longer significant at grade eight. Finally, Slovenia and England showed a significant change in the gender gaps between grades four and eight. In both cases, more boys belonged to the high-performers at grade four. However, while Slovenia achieved gender equality at grade eight, in England, the inequality gap had reversed, and by 2015 favored girls, with significantly more girls achieving high mathematics scores than in 2011 at grade four. Interpretation example: In England, in the group of the highest performing students (upper 20th percentile) the proportion of male students was 4% higher than the proportion of female students at grade 4 in 1995 (significant gap). Four years later, this gap has increased to 9% (significant gap). The gap change of 5% however was insignificant * Significant gap (p < 0.05) Table 6 Gender gaps in percent of group membership related to science achievement, cohort trends between grades 4 and 8
Aust ralia Interpretation example: In England, in the group of the highest performing students (upper 20th percentile) the proportion of male students was 4.5% higher than the proportion of female students at grade 4 in 1995 (significant gap). Four years later, this gap has increased to 11.9% (significant gap). The gap change of 7.1% is significant * Significant gap (p < 0.05)
Twenty percent lowest performing students (below 20th percentile)
In the countries considered, there was no general trend in terms of the gender composition of the bottom twenty percent of students in mathematics, nor were there identifiable trends over the years or among cohorts (lower part of Table 5 ). The picture is very diverse across countries, particularly for the first cohort. Four countries showed significant gender differences in the group allocation; two of them, Iran and Korea, had significantly more girls in this group, while the other two, New Zealand and Singapore, had more boys. These gender gaps reduced over the ensuing 4 years in all countries but Iran, where the gap doubled instead. Moreover, Iran was the only country with a significant gender gap in this group at grade eight in 1999.
Regarding the second cohort, only very few significant gender differences existed in the eleven countries in both grades. In Singapore, significantly more boys belonged to the group of low-performers at fourth grade, and this percentage had doubled by grade eight. A small, yet significant gender difference in the United States with a higher proportion of female students vanished over the years and could no longer be observed at grade eight.
Trends in gender gaps in science achievement between grade four and eight
Twenty percent highest performing students (above 80th percentile)
In contrast to the gender gap trends in mathematics achievement, science achievement showed a very clear and quite generalizable pattern (see upper part of Table 6 ). Male students were overrepresented in the group of the upper 20th percentile of science achievers at grade four in all considered countries in both cycles (1995 and 2011) . This overrepresentation was even more pronounced 4 years later at grade eight, with New Zealand being the only country where this group allocation was insignificant at both grades (cohort 1). Further, there was a significant increase in male students in this group in three countries (England, Hungary and the United States). Fortunately, however, the second considered cohort (students that attended grade four 16 years later) painted a less severe picture. While, similarly, relatively more male students were among the topperformers at grade four, 4 years later this was only still true in five countries (Hong Kong, SAR, Hungary, Korea, Singapore and the United States). The gap did not widen significantly in any country.
Twenty percent lowest performing students (below 20th percentile)
The gender gap is less pronounced in the group of low performing students (Table 6 , lower part). In 1995, at grade four only four countries showed significant gender gaps. In Hong Kong (SAR), Hungary and Korea more female students were among the lowperforming students, but more male students were in this group in New Zealand. While New Zealand reached gender equity 4 years later, the gap persisted in the other countries and widened in England and Iran, again with a higher proportion of girls.
However, the cohort attending grades four and eight 16 years later showed minimal gender gaps at both grades, with the exception of Hungary, where again more girls comprised the lowest percentile of science achievers at eighth grade. Patterns indicate a tendency towards an increase in male students in this group, a yet insignificant trend that should be closely monitored in the future.
Changes over time
Overall, our findings suggest that girls are catching up with boys. In the group of high achieving students in both subject areas, the overrepresentation of boys continued or even extended from grade four to eight from 1990 to 1995. 16 years later, the overrepresentation of boys found at grade four in 2011 rather reduced at grade eight in 2015. For the lower achieving students, at least regarding science achievement, we can observe a similar change. From grade four in 1995 to grade eight in 1999, there was an increase in the overrepresentation of girls in that group. However, there was no such increase from grade four in 2011 to grade eight in 2015. Even more, the overrepresentation of girls at grade four was much lower already in 2011 than that in 1995.
Discussion, conclusions and policy implications
We investigated the gender gaps in mathematics and science knowledge at both extremes of students' ability distributions. We found that gender gaps that existed 20 years ago have persisted into the present, but also identified encouraging evidence that gender equality in education is increasing. Moreover, data suggests that no general favorable genetic disposition of male students towards mathematics and/or science exists. Otherwise, patterns would be consistent across countries and time. Overwhelmingly obvious is, however, the persisting trend of more male students in the group of high-achievers for both mathematics and science in many educational systems. These subjects have a long history of being more often favored by male students, a situation that fosters gender differences in academic competencies and an underrepresentation of woman in scientific careers. Male and female students may benefit from different teaching approaches and methods to motivate engagement. Several countries have adopted initiatives to address this problem, and the findings indicate that some may have shown success. Similarly, at the lower end of the ability distributions, male and female students are not always equally represented. Patterns differ between countries and cycles. In many countries, male students are overrepresented in this group, while in others, more female students are at risk, predominantly in the upper grades. Policymakers should closely monitor the development of these gaps and initiate measures to tackle gender inequalities. The trends identified in this paper included promising changes in several countries that were able to diminish gender differences in mathematics and science achievement, that have been existing in the past. Furthermore, findings suggest that girls in general are catching up. A closer look at the specific contexts and policy changes might reveal successful measures to counteract gender differences.
This paper adds to existing research into gender gaps in mathematics and science education over the last 20 years, and offers a new approach to gender gap analysis. Investigating the tails of the achievement distributions provide a more differentiated picture of potential gender differences. It thus extends findings of analysis comparing the mean achievement of female and male students. For example, Mullis et al. (2016) report a decrease of the number of countries without achievement differences between boys and girls in math of fourth grade students. However, our analysis revealed that there is quite some variation between high and low achieving students (cf. Tables 1 and 5). For the highest achieving 20% students, the number of countries showing gender differences is rather increasing. For the lowest achieving 20% students, most of the countries included in this analysis showing no gender differences (any longer). This example indicates that the approach can reveal more (detailed) information on gender differences and their changes over time.
Furthermore, rather than looking at groups of students reaching various benchmarks, we focused on the gender composition of the groups of students comprising the 20th highest and lowest achievement percentiles respectively, for each country. This approach overcomes the problem of only very small samples of students reaching the highest or the lowest benchmark in some countries.
Our research revealed trends in these gaps over 20 years of TIMSS, but it does not explain the mechanisms causing these gaps or any of the underlying factors. Further research is needed to understand these mechanisms better and refine implications and recommendations for policy. IEA contextual data is a valuable research resource to uncover such relations. Although this paper focused only on specific countries and cohorts, it may serve as a template for similar analyses of data from other countries and cohorts that have participated in TIMSS, PIRLS or similar large-scale assessments in education.
Finally, the approach of investigating the relative distribution of a characteristic at the tails of an ability distribution within a country or education system could be used for characteristics other than gender as well. As for gender as such a characteristic, we see that in education systems with several (hundreds of ) thousands of students in a certain grade or within a certain age group, this characteristic is fairly equally distributed. That might be very different for other characteristics, for example, students' family background, ethnicity or other student characteristics, for which inequality is perceived as an issue of concern. One of the advantages of the suggested approach is that it is robust in respect to non-equal distributions of such characteristics.
Further research needs
A secondary aim of this paper was to introduce and evaluate a specific approach to identifying (gender) differences in certain outcomes of education (mathematics and science achievement of fourth and eighth grade students). With this more detailed look at tails of ability distributions, the approach could provide information that is more specific and foster the interpretation and explanation of possible inequalities in education. With the analysis presented, trends over time within a set of countries could be identified and support for some common narratives on gender inequalities could be provided, whereas for other narratives we could not find support. In order to investigate possible correlates for changes in or persistence of inequalities, a more detailed look needs to include country, school and classroom contexts, as well as student characteristics. The TIMSS data provides this kind of information and can serve as a valuable source.
